Background: Chronic kidney disease (CKD) is associated with increased vascular risk. Some studies suggested that considering markers of CKD might improve the predictive accuracy of the Framingham risk equation.
INTRODUCTION
Primary prevention of vascular disease should be guided by the assessment of global risk [1] [2] [3] . Patients with higher vascular risk should be managed more aggressively [1, 3, 4] . A number of risk estimation engines that consider different risk factors have been developed [5, 6] . The Framingham risk score for subjects without evident vascular disease is well established [5] .
The Framingham calculation considers the following vascular risk factors: age, gender, total cholesterol (TC), high density lipoprotein cholesterol (HDL-C), smoking, systolic blood pressure (SBP), diastolic blood pressure
METHODS

Patient Selection
The records of 645 consecutive patients referred to a specialist centre for dyslipidemia were assessed [18, 19] . Among these patients, we identified 234 patients (144 men) without overt vascular disease or DM. In order to create an even more homogeneous patient group, the following exclusion criteria were also applied [18, 19] : 1) Treatment with any lipid lowering or antihypertensive agent during the previous 4 months.
2) Those with fasting serum glucose concentration > 5.0 mmol/l required a normal oral glucose tolerance test in order to be included in the survey.
3) Abnormal liver function tests: Reference ranges were: aspartate aminotransferase = 5 -40 u/l; alanine aminotransferase = 5 -40 u/l; gamma-glutamyl transferase = 10 -48 u/l; alkaline phosphatase = 35 -130 u/l; albumin = 35 -55 g/l; bilirubin = 3 -17 μmol/l (values up to 25 μmol/l were allowed provided all other liver function tests were normal).
4) Abnormal renal function: Reference ranges were: urea = 3.0 -6.5 mmol/l (values up to 7.5 mmol/l were allowed for those above the age of 70 years); creatinine = 60 -120 μmol/l; sodium = 135 -145 mmol/l; potassium = 3.5 -5.0 mmol/l.
5) Abnormal thyroid function tests:
Reference ranges were: thyroid stimulating hormone = 0.5 -4.7 mU/l; free thyroxine = 10 -25 pmol/l. 6) Declared or determined history of alcohol or drug abuse. For alcohol consumption, the limits were set at 21 and 14 units/week for men and women, respectively. 10) Current or recent (4-month) pregnancy.
11) Current smokers or those who quit had quit for less than 6 months before sampling. A 6-month period was selected to allow time for reversal of measured variables within a practical time frame.
Clinical and Laboratory Investigations
Collection of samples: All samples were collected in the morning after fasting for a minimum of 12 h with water only allowed.
Lipid profile: Serum TC, HDL-C and TG levels were assayed by standard enzymatic methods (Boehringer Mannheim, Sussex, England) adapted for the Hitachi 911 analyser (HDL-C was measured after precipitating apolipoprotein B using a phosphotungstate procedure). Serum low density lipoprotein cholesterol (LDL-C) levels were calculated by the Friedewald formula. Patients with serum TG levels > 4.5 mmol/l, in whom LDL-C cannot be determined by the above formula, are not included in the analysis.
Liver and renal function profiles and serum glucose concentration were all determined by standard methods used in our department.
Creatinine clearance (CrCl) was estimated using the Cockcroft [30] .
The Department of Clinical Biochemistry, Royal Free Hospital participates in several quality assurance programs and has full Clinical Pathology Accreditation (CPA).
Calculation of Vascular Risk Using the Framingham Equation [www.bhsoc.org]
The Framingham risk engine can only be used to calculate vascular risk in the absence of cardiovascular disease (CVD). The following variables are considered: age, gender, SBP and DBP, serum TC and HDL-C levels, smoking status and the presence/absence of DM or left ventricular hypertrophy based on electrocardiographic criteria [5] . The equation estimates the 10-year risk for coronary heart disease (CHD), stroke and overall CVD based on either SBP (SBP-CHD, SBP-stroke and SBP-CVD, respectively) or DBP (DBP-CHD, DBP-stroke and DBP-CVD, respectively). We also estimated CVD risk taking a FaHist of premature vascular disease (any event before the age of 60 years) into consideration (termed SBPCVD+FaHist and DBP-CVD+FaHist, respectively). A positive FaHist was considered to add 50% to the overall risk.
The Framingham equation has age limits (32 to 74 years). To increase the number of patients, men aged 24-31 years were entered as 32 years old and those aged 75-76 years were entered as 74 years old. Similarly, women aged 27-31 years were entered as 32 and those aged 75-78 years were entered as 74 years old.
Statistical Analysis
All data were analyzed using the statistical package SPSS (version 12.0; SPSS Inc., Chicago, IL). Continuous values are expressed as median and range. Correlations between variables were assessed using Spearman Rank correlation. The Kruskal-Wallis test was used to assess the trend of variables divided according to creatinine, eGFR or CrCl tertiles. The chi-square test was used to compare the agreement between eGFR and CrCl in classifying patients in tertiles of renal function. Because we assessed the correlation between indices of renal function (creatinine, eGFR and CrCl) and 22 other parameters, a 2-tailed p < 0.031 was considered significant [31] . In all other analyses, a 2-tailed p < 0.05 was considered significant.
RESULTS
The clinical characteristics of the 156 patients (83 men) enrolled in this survey are listed in Table 1 . Estimated risk for CHD, stroke and CVD based on SBP and DBP are shown in Table 2 .
Significant correlations between the indices of renal function (creatinine, eGFR and CrCl) and other parameters are shown in Tables 3 and 4. In men, there was a significant positive correlation between creatinine levels and SBP-CHD, SBP-CVD, DBP-CHD and DBP-CVD ( Table 3 ). In women, creatinine levels correlated significantly with all estimated risks ( Table 4) . In both men and women, there was a significant negative correlation between all estimated risks and both eGFR and CrCl (p < 0.001 for all correlations; Tables 3  and 4) .
When men were divided according to creatinine tertiles, there were no differences in any parameter between groups. When men were divided according to either eGFR or CrCl tertiles, all estimated risks increased significantly as renal Table 1 function declined (p<0.001 for all trends; Tables 5 and 6 ). It should be noted that there was significant disagreement in the classification of men in tertiles according to eGFR or CrCl. Thus, among men in the lowest, middle and higher eGFR tertile, only 46, 29 and 70%, respectively, were also in the lowest, middle and higher CrCl tertile, respectively (p < 0.001).
When women were divided according to creatinine tertiles, all estimated risks except for stroke significantly increased as creatinine levels increased ( Table 7) . When women were divided according to either eGFR or CrCl tertiles, all estimated risks significantly increased as renal function declined (Tables 8 and 9 ). There was significant disagreement in the classification of women in tertiles according to eGFR or CrCl. Thus, among women in the lowest, middle and higher eGFR tertile, only 71, 44 and 67%, respectively, were also in the lowest, middle and higher CrCl tertile, respectively (p < 0.001).
DISCUSSION
CKD is defined as the presence of either eGFR < 60 ml/min/1.73m 2 or persistent albuminuria [30] . The prevalence of CKD is rising due to the progressive aging of the population and the increasing number of patients with type 2 DM [32] [33] [34] [35] [36] . It was reported that approximately 13.1% of the US adult population has CKD [37] . The prevalence of CKD in the UK ranges between 5.8 and 12.0% [38, 39] . In both countries, CKD is more frequent in women than in men [37, 39] .
Several studies showed that impaired renal function is associated with increased vascular mortality in the general population [11] [12] [13] [14] , in patients with stable CHD [40] [41] [42] , acute coronary syndromes (ACS) [43, 44] , stroke [45] or peripheral arterial disease (PAD) [46] . CKD is also a risk factor for stroke in the general population [47] and in patients with CHD [48] although others reported an association only with hemorrhagic stroke [49] . CKD is associated with increased risk for PAD [50] and renal artery stenosis in the general population [51] and correlates with ankle-brachial index (ABI) in patients with PAD [52] . Both established and emerging risk factors are implicated in the increased vascular morbidity and mortality in CKD [53] .
In our study, estimated vascular risk significantly increased as kidney function deteriorated. In previous reports, the Framingham risk score was higher in patients with CKD than in those with normal kidney function [54] . In addition, the Framingham model appears to underestimate vascular risk in patients with CKD [55] . In contrast, an analysis of the Atherosclerosis Risk in the Communities (ARIC) study showed that accounting for CKD did not improve discrimination of the Framingham equation for vascular events [17] . In the same study, considering renal function improved discrimination for total mortality in white men but not in white women [17] .
The MDRD equation is the proposed method for eGFR assessment in clinical practice [30] . It is currently recommended that serum creatinine levels should not be used as the sole means to assess kidney function [33] . However, the MDRD equation was developed in patients with CKD and appears to be less accurate in patients with normal kidney function or moderately reduced eGFR [30, 56, 57] . The Cockcroft-Gault equation also misclassified approximately 30% of subjects in population studies [58] . Significant differences in classification regarding renal function comparing MDRD and Cockcroft-Gault equations were also seen in the present study. Other indices of kidney function might also be useful. Cystatin C levels might reflect GFR more accurately than creatinine [59] . Elevated cystatin C levels were associated with vascular events in elderly subjects [60] and in patients with established CHD [61] . However, cystatin C levels also show variations depending on age, gender, body weight, smoking and presence of inflammation [62] .
We estimated vascular risk using the Framingham risk equation. Some studies performed in the UK showed that the Framingham engine accurately predicts vascular events [63] although others reported an overestimation of CHD risk with this model [64] [65] [66] . A meta-analysis showed a considerable variation in the predictive value of the Framingham risk score in different populations [67] . It appears to overestimate risk in low risk populations and to underestimate risk in high risk populations [67] . The Prospective Cardiovascular Munster (PROCAM) score is also used to estimate vascular risk [6] . This score considers all risk factors of the Framingham equation but replaces LDL-C for TC levels and includes TG levels and FaHist of CHD [6] . Elevated TG levels appear to be associated with increased vascular risk [68] . Studies in the UK showed that PROCAM and Framingham models have similar predictive values [65, 66] . In contrast, we reported that, in dyslipidemic patients without established vascular For abbreviations, see Tables 1 and 2. disease, the Framingham risk score predicted higher risk than PROCAM [69] . We did not use the PROCAM calculation in this study due to its narrow age limits [6] .
It is of interest that statins appear to prevent the decline of renal function in high risk patients without established vascular disease and in patients with CVD [40, 41, [70] [71] [72] [73] [74] [75] [76] [77] [78] . A number of small studies also reported that statins might reduce albuminuria [79, 80] . Other lipid profile modifying agents, including ezetimibe and omega-3 fatty acids, might also "protect" kidney function [81] [82] [83] [84] [85] [86] . In contrast, fibrates appear to raise serum creatinine levels [87] [88] [89] [90] [91] [92] [93] [94] . It was suggested that the fibrates-induced rise in creatinine level is due to increased production of creatinine and does not reflect a true decline of kidney function [91, 93, 95] . In addition, fibrates appear to reduce microalbuminuria in diabetic patients [96, 97] .
Subgroup analyses of randomized controlled trials in high risk patients without established vascular disease and in patients with CHD showed that statins reduce vascular risk in patients with CKD [42, [98] [99] [100] [101] . The ongoing Study of Heart and Renal Protection (SHARP) will assess the effects of the simvastatin plus ezetimibe combination treatment in patients with CKD but without established CHD [102] . In the Veterans' Affairs High-Density Lipoprotein Intervention Trial (VA-HIT), gemfibrozil reduced vascular events in patients with CKD and established CHD [103] . However, there was an increased risk of sustained increase in creatinine levels in the gemfibrozil group [103] .
Uric acid levels have not been consistent predictors of vascular risk [40, 104, 105] . Some evidence identified a relationship only in women [105] . Therefore it is of interest that in the present study uric acid levels showed a significant trend in relation to serum creatinine levels and eGFR only in women.
A limitation of our study is that we did not evaluate the presence of albuminuria, another diagnostic criterion for CKD [30] that is also associated with increased vascular risk [106] [107] [108] . Evaluation of both eGFR and albuminuria is currently recommended for the detection of CKD [30] since patients with CKD might only have a low eGFR or isolated albuminuria [109] [110] [111] . In addition, albuminuria and eGFR appear to predict vascular disease independently of each other [110] . Albuminuria predicted vascular events in hypertensive patients independently of the Framingham risk score [112] . It also appears that considering albuminuria might improve the predictive accuracy of the Framingham risk equation [15, 16] . However, the Framingham Heart study reported that only reduced eGFR predicted all cause mortality whereas microalbuminuria did not [111] . A "statistical" disadvantage is that many of the variables that differed between the tertiles of renal function are actually included (directly or indirectly) in the Framingham equation.
An advantage of our study is the homogeneous nature of the population. None of the participants had DM or overt CVD, none were smokers and they were not taking any lipid lowering or antihypertensive drugs.
In conclusion, estimated vascular risk (using the 
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